Subunit proximity in the H+-translocating NADH-quinone oxidoreductase probed by zero-length cross-linking.
The proton-translocating NADH-quinone oxidoreductase (NDH-1) of Paracoccus denitrificans is composed of 14 different subunits (designated Nqo1-14), seven of which are located in the membrane domain and the other seven in the peripheral domain. It has been previously reported that membrane domain subunit Nqo7 (ND3) directly interacts with peripheral subunit Nqo6 (PSST) by using a cross-linker, m-maleimidobenzoyl-N-hydrosuccinimide ester, and heterologous expression [Di Bernardo, S., and Yagi, T. (2001) FEBS Lett. 508, 385-388]. To further explore the near-neighbor relationship of the subunits, a zero-length cross-linker, 1-ethyl-3-[3-(dimethylamino)propyl]carbodiimide (EDC), and the Paracoccus membranes were used, and the cross-linked products were examined with antibodies specific to subunits Nqo1-11. The Nqo6 subunit was cross-linked to subunit Nqo9 (TYKY). In addition, a ternary product of Nqo3 (75k), Nqo6, and Nqo7 and binary products of Nqo3 and Nqo6 and of Nqo6 and Nqo7 were observed, but a binary product of Nqo3 and Nqo7 was not detected. The Nqo4 (49k) subunit was found to be associated with the Nqo7 subunit. Furthermore, Paracoccus subunits Nqo3, Nqo6, and Nqo7 were heterologously coexpressed in Escherichia coli, and EDC cross-linking experiments were carried out using the E. coli membranes expressing these three subunits. The results were the same as those obtained with Paracoccus membranes. On the basis of the data, subunit arrangements of NDH-1 were discussed.